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introduction 

This manual applies to the development of game software and explains power up booster 
"32X’' hardware functions for the MEGA Drive. 


Manual Configuration 

This manual is composed of the following chapters. 

Chapter 1 Introduction to the 32X 

Introduces the main function of the 32X. 

Chapter 2 Configuration 

Explains the hardware configuration and purpose of 

Chapters Functions 

3.1 Mapping 

Explains the layout on CPU address spaci;^/ part. 

3.2 Registers 

Explains the meanings of register and bu^^ sequence and address, 

also set values. 

3.3 VDP 

Explains functions as image d|«lt&natti%jcreen shift, character overwrite, 
andPiU. 

3.4 PWM 

Describes the PWM sound source PCM daiipla^iiethod. 

3.5 SH2 "■ ■■ ■■■ 

Explaiiw the main CPU feaires and its commi^i^ojj the MEGA Drive. 

Chapter 4 Accessing the 32XBja|^ 'a 

Explains about re j^et^ad Buffers th^can^e accessed from each CPU, the 
method of a_lfthority, and akes^im^ 

Chapter 5 Miscellsmous./^^^^, 

5.1 Boot ROTO&i^' 

Explains oplsi^ns from when the power is turned on until executing the 
application. 

5.2 Security 

Explains areas decided by previous uses of the cartridge ROM. 

53 Restrictions 

Explains cautionary points in creating applications. 


CONFIDENTIAL 


PROPERTY OF SEGA 


Terminology 


RISC (Reduced Instruction Set Computer) 

This computer architecture improves performance by simplifying instruction specifica- 
tions and has simplified hardware achieving a high efficiency pipeline (paraDel process 
of instructions within the computer). 

SH2 (SH7095) 

At the core of the RISC-type CPU in the Hitachi original microcomputer is a 32-bit 
divider and cache memory. 


Cache 

The cache is comparatively small size high-speed memory p,^ced between the large size 
low-speed memory and the CPU. When data of the addr^|g%6'i» accessed by the CPU 
is stored in the cache memory it is referred to as cat^ hitCand b^ause the data can be 
accessed, the CPU can be operated at high speeds. VVh^ data of to be accessed 

by the CPU is not stored in the cache memory, it is re£err«i'to as cache miss. The con- 
tents of the cache memory is replaced by data ln the memory. 

SDRAM (Synchronous Dvnamic Random Access M«iioiyJ 

The SDRAM differs from the typical DRA>% da^t^a. two line address is held internally 
once. This is independently synchro^aed tothedoclc and transfers continuously 
separate from the internal DRAM (^peratioa.^pmd; 

DSP (Direct Signal Processor) ~ 

Signal Processor containing a high-speaka^thder. 

DMA (Direct Memory Access) % 

Transfers data directly betwe«rf^ft(^'Wiemorv and per^heHiamits (I/O) or between 
memories without gom^^^gh4he CPU; adfleved by the DMA controller 

(DMAC) “ i 

FIFO (First-In First-Offt) ' 

Method of o^^utti^ ifiSce same order as mputtmg m the mput/output operation of a 
buffer register btfaiffer memory. 

Master / Slave 

Refers to the priority order of use authorization of a bus to which more than one proces- 
sor is connected . Master takes a normal bus authorization and slave obtains permis- 
sion of the master and takes bus authorization when slave bus access occurs. 
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Chapter 1 

Introduction to 32X% 
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1 .1 Introduction to 32X 


The 32X is a power-up booster installed in the MEGA Drive cartridge slot. This adds 
a bitmap screen of up to 32,768 simultaneous colors and stereo sound source that 
plays PCM data to the graphics and sound of the existing MEGA Drive. Two 32-bit 
RISC CPUs are mounted for starting screen graphics processing. 


New Screen Offered 

Frame buffer 1 Mbit DRAM x 2 (alternating draw/dbplay) 
Maximum 32,768 colors, bitmap format 
3 mode data format 

Direct color / Packed Pixel J Run Length 
♦ Scroll by hardware, no sprites exist 


New Sounds Offered 
Stereo sound source that plays PCM. data 
D/ A conversion by a PWM modulabon-jll^fl^^^t 


High-Speed Microprocessor 
Two SH2 chips for the mam CPU 
32-bit RISC drip with built-m^ggges 

Memory % 

4 Kbyte Cache memory (buil^K 
2 Mbit SDRAM (main memory) 

Development Language 
C Language, Assembly L^^aage 
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Chapter 2 



SH2 Component . 
SDRAM Component 


Frame Buffer Component. 

VDP Component 

Color Palette Component, 
PWM Component 


8 

6 

8 

6 

9 

..9 

9 

.10 

.10 


32X Hardware Manvai 

CONFIDENTIAL 


PROPERTY OF SEGA 


2.1 32X Block Diagram 

32X is made up of the following parts (see Figure 11). 

• MEGA Drive 1/F Component (I/F chip buOt-in) 

• 32X Cartridge 

• SH2 Component 

• SDRAM (2 Mbit) 

• Frame Buffer {1 Mb it X 2) 

• VDP Component 

• Color Palette Component (VDP chip built-m) ^ '• 

• PWM Component (1/F chip built-in) ^ •>'. - 

These hardware resources (excluding the ao amd SDRAM components) contained 
by 32X are directly controlled by the MEGAKSve 68(S0 CPU. The ROM cartridge 
can be read from both the MEGA Dnve ar\d32X. -fawges and sound made by 32X 
are combined with images and sound made MEGA Drive 
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2.2 About the 32X Block 


The role and features of each 32X block shown in section 3-1 is explained below. See 
chapter 3 for more information. 

MEGA Drive l/F Component 

This is an interface connecting the 32X to the MEGA Drive, The 32X hardware 
resources (graphics, sound, and communication with SH2) and cartridge ROM are 
mapped through the MEGA Drive I/F in the MEGA I>rivc main CPU (68000) ad- 
dress space. 

32X Cartridge Component 

The content of the ROM cartridge installed in the 32X cartndge slot C» be read from 
both the 32X CPU SH2 side and the MEGA Drive side 68000 (andZSO) ffeverthe- 
less, SH2 has priority when conflict between the two exists ' 

SH2 Component ■ '"v 


There are two SH2 chips as main CPUs mounted in the:^, and cartridee ROM 



and slave by 


authorization after obtaining permission (rfthe mastef^- Ae time of bus access 
MEGA Drive hardware cannot map m SEE aditSSlpacc. Conseguentlv, MEGA 



has a control register that issues mtemipts frOES^gt^ to SH2, asHFOregister that 
can send data written from the 68000 to the DMA built-in the SH2, aftl aKgister 
that is able to read and wnte from bo^he 68000 and SH2, and reads data written 
fromthe68000. 


000 to the DN 
.bo^e6S0 


» DMA built-in the SH2, aKl a Jegister 
■ 68000 and SH2, andxeadff^la written 


to SH2, 4^FIFOTeglste^ that 
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SDRAM Component 

The 32X has 1 Mbits of SDRAM (synchronous DRAM) as its main memory for the 
SH2 chips . The SH2 program on the cartridge ROM is loaded in the SDRAM, then 
executed. The SDRAM arranges 16 bytes and reads to the buffer inside the chip; 
after which, in order to synchronise to the SH2 clock and transfer sequentially all 
data after the second data set can be transferred without any restrictions incurred b\' 
the operation within the memory. The SH2 is able to rapidly execute data replace- ' 
merit by combining with the SDRAM when cache miss occurs. 

Frame Buffer Component 

Memory that saves the display contents of one part of the color display is called a 
frame buffer. For one screen, the display flickers when rewrite does not finish in V 
Blank (vertical retrace line interval). Therefore, the memory is arranged as two 
screens in 32X and a method is used to alternately swiedyb^ween the update screen 
and display screen. The frame buffer performs the svntchmgpperation with each 1 
Mbit and program. 

VDP Component 

32X VDP holds the frame butfer as a control ^ceenaiwl controls the display of the 
color display. This screen combines MEGjfeOnveseroll A, scroll B, and sprite as one 
screen in the front or back. The following tt»«;nu>des can be selected from data 
formats in the frame buffer. .. 

Direct Color Mode <• 

The direct color mode ailocaterw^ of 1 Silts to 1 the screen of which 1 5 

bits is used and indicates any coioriro»aP92,768colC(ip. t 

Packed Pixel Mode < , 

The packed pixel modejaiis^teeachof 8 bits tod pfetel ori'the screen and colors 
indicated on the color palettejrientioned, l ypr aniiadirectlv mdicated. 

Run Length Mode x #• ® -i' 

The run len^too^iUaiaites 16 bits as a coiktctigBi of identically colored pixels that 
continue ^th 1 pixel in the directic^bf the scan Lme. Pixel numbers that 

are cont^joufwitn^f the 16 bits and colors indicated on the color palette with the 
remaining f^ts are indirectly indicated. 



32XHfl 
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Color Palette Component 

The color palette is a 256 word RAM block. When in the packed pixel mode or run 
length mode, pixel data in the frame buffer selects colors (256 colors from among 
32,763 colors) indirectly selected here in advance. 

The color selection format is the same whether selecting per frame buffer in the 
direct color mode, or per color palette in the run-length mode. One color is 16 bits, 
of which 15 bits are used, and any color can be selected from 32,768 colors. The 
remaining 1 bit is called a prionty-bit (through-bit); pixels indicated by this bit's 
color are displayed opposite to the IvIEGA Drive screen. For example, when 32X 
screens are combined in the rear as a single scroll A, scroll B. and spnte screen, onlv 
the pixels that indicated the color of this bit is displayed in front of the MEGA Drive 


PWM Component 

PWM tPuise Width Modulation) replaces sair 
outputs the pulse width. 1/ output is through 
be con^olled by the pulse width. The 32X cai 
converted in advance for PWM. 



mlse^idth and 
iplitude can 
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Chapter 3 
Function 
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3.1 Mapping 


The 32X hardware car be controlled from both the main CPU 5H2 and MEGA Drive 
68000, As stated in the last chapter, the layout of each block in the address space of 
both CPUs is explained here. 


MEGA Drive Memory Map 


In using the 32X, the exclusive initial program provided by SEGA is laid out car- 
tridge ROM of 3FAH or more and jumped by the reset vector. To map the 32X in 
68000 address space, this program sets the ADEN (address enable) bit to 1, initializes 
the hardware, and executes the application. The hgure below shows the 68000 
address space immediately after the power IS turned on and the initial program 
executed- ‘ 



FIgur* 3.1 MEGA Drive Memory Mep 
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ROM AccHt When Using the 32X 

The 68000 vector area (OOOOCOH - OOOCFFH) is assigned by the custom built-in ROM 
Because the ROM contents are 00880200H, 00880206H, 0088020CH,,.., After 88(1200H 
(200H of the cartridge ROM), 6-byte JL^MP commands are arranged into a jump 

Only when the R V (ROM to VRAM DMA) bit is 1 is it assigned bv the cartridge 
ROM to lOOH - 3FFFFFH. ROM access from the SH2 at this time waits until 68000 
rewrites theRVbitto 0. 

When the RV b.t is 0 access is from 880000H - 9FFFFFH to the cartridge ROM. 
880000H - 8FFFFFH is allocated by fixing OOOOOOH ~ 07FFFFH (4 Mbit) of the car- 
tridge ROM. In 900000H - 9FFFFFH, a cartridge area of 32 Mbits is divided into 4 
banks and accessed by the bank set register. 

When the 68000 and SH2 are accessed at the same time, the SH2 hi^^^citv Other- 
wise access is granted on a first come, first served basis: the second acce»waits until 
the first is over. ^ '• 

Khen the 68000 and SH2 access the same area at the same tiaie, BfeSH2 has prioritv. 
Otherwise access is granted on a first come, firet served bssis: Bte second a c es s 
waits until the first is over 

TTie MEGA Drive has a bank set register (AlSOFlH^ltSQFmodd numbered 
addresses) for coping with a cartridge ROM that exceeds Sg'Mbits The RV bit 
should be set to "1" beforehand when accMSdIg'here ^ •' 

Access 10 the 32XVDP 

The FM (VDP access authoriration) bit must tje 0 be#)re the M^a Drive can access 
the Mars frame buffer, overwrite images, VDP regfeter or color i»letf|!. Wten the bit 
IS ], reads are undefined and writes a® ignored. Color paledte accessfeairords only, 
notbytes. 

The frame buffer, overwrite un^.VD^gister, andc^r pa^e can be accessed 
from the MEGA Dnve side onfy wi$ea the FM (VT^acct* authorization) bit is 
When this bit is 1 read^ uwl^ed, and wntes »e ig®>redi^olor palette access 
is in words only not ai^-- ^ 
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SH2 Memory Map 

The 32X has rwo SH2 chips mounted to a common bus. Consequently, memorv 
maps of the two chips shown in Figure 3-2 are the same. The SH2 has a built-in 
cache memory for increasing the speed of command and data accessing. Access of 
identical components of the 32X can be accessecJ by h\'o cache/cache through ad- 
dresses. In cases of the cache address, if is read if data of the address to be accessed 
IS m the cache memory. If not in the cache memory, is rea d directly from Unat ad- 
dress, and the cache memory is replaced by the data. 


Caere tricu^ Ca^/VXne 

20000000H OOOOOOOOH I 

30004000H OCOeWOOOH 

$upe< 52X SYS BEQ 

20CKM100M OOOCMIOOH 

2KbO4J0W 00004200H 

^CSnnofbsaaessaO wher 

FM=.G 

2IDO044COB CIOO044CI0H 

jl!jlJ.Cctef'Pale.1tB can aoces 

only In wc/Os 

tsooocxxiH 02ooocoaH VnHnHBMM 



1 ROMCansflsft^ 

22400000H a2400000H 

2<OOOOOOH 'CaOCIOOClOH 

i^'^riiooi be accessed whe 

IcwK. - 

flVal 

24040000)1 040400001 ’AlWIIlIilllltH IDUft tllFBBI 

26000000M e 

SDRAM 

2800CIC40H WKHOOOOH 

%4word^eFira 



Figure 3,2 SH2 Memory Map 
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Cache Area Acceaa 

Cache tnemory is memory used for rapidly supplymg commands, operands, and 
data to the CPU. The 32X accesses the cache after commands and data are loaded in 
the SDRAM. In 32X. after having loaded command and data into the SRAM, the 
catch access is performed. The 32X system register and VDP register, among others, 
must be cacha-thiough accessed because values through the VDP or other CPU are' 
replaced and the contents of the cache can no longer be guaranteed. 

Canridge ROM Acceia 

Only when the RV (ROM to VRAM DMA) bit is 0 can SH2 be accessed to the car- 
tridge R.AM. When the RV bit is 1 and if accessing from SH2 to the cartridge ROM a 
wait occurs until 6SO00 replaces the RV bit with 0. The RV bit from SH2 can only 


32XVDPAMess 

Only when the FM (VDP access authorization) bit is 1 can the fra#e b'uS», over- 
write images, VDP register, and cc>lor palette access from tik SH2^de- V^en the 
FM bit IS 0, read is undefined and write is ignored. The color 'pMetbreifi'access only 
in words but not in bytes. ^ 

The frame buffer and overwrite image have 4 word w^felFO can write in 3 
clock cycles. Five ciock cycles are required when cor^uo'iaseWtitme 4 words or 
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3.2 Registers 


32X registers are classified as shown below. Meanings of the address and set value 
of each register are also shown. 


32X System Register 
[MESA Drive) 

Aoie 10 use 32X 

Adapter conrol regisli 


Transfers data to SH2 DMAC 
DREQ control register 
68 to SH DREQ Source AOdress register 
68 to SH OREO Destination Adflress register 
68 to SH DREQ Lengtn register 
FIFO register 


Bfresti signal output W cartridge 
gisier 

SEGA TV register 


H Court register 
VRES interrupt clear register 
V interrupt clear register 
H interrupt cleer register 
CMD irtiemjpi clear register 

PWU inierrufa clear register 


UECeMleve-Qeia 
-recited C^OMAC of SH2 
r^t:CREQ eontrol register 
mio SH DREQ Source Address rsgistt 
. S8 IftSH DREQ Destination Address 
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VDP mgisisr 

Display mope selectHpn 


Frame buffer switcb 

Frame buffer corfrol register 


Data fill for frame buffer 
Auto Fill Lengnn register 
Auio Fill Start Address register 
Alio Flit Data register 
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System Registers 


{MEGA Drive side] 

Using iheSZX 

• AdapterControl Register (Access: Byte/Word] 


8 7 S 5 4 3 a 1 0 


FM; 


REN: 


RES: 

ADEN: 


VDP Access Authorization 
0: MD (iru&al value) 


SH2 Reset Enable. 
0: Disable " 
1: Enable 
Resets SH2 




1 . Cancel reseMiiut^ization by the initial program. 

ChangrBDtallenved.) 

AdaptecEratbl&Sc 
at ' ~ ftohibt(s use of 32X 

si Petals use ot 32X (initialization by the initial 
. prograHi Change rtotellowed ) 


Switching access authonzaSbn is done while wrMng,tathei^ bit. Therefore, be 
aware that if writing to Is done by MEGA ftelve while SH2 accesses VDP, 

access authorization switch &ftve. 
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Interrupf Ia*ued for SH2 

•IntemiptControiRegister (Access: Byte/Word) 


B" 15 14 13 12 11 

MDSide 

A15102H I ! — 


10P87654J210 
! RW RW 


INTS: Siave SH2 interrupt commarid 

0; NO OPERATION (initial value) 

1; iBteffupt command 
[NTM: Master SH2,mlemipt command 

0: NO OPERATION (init value) 

1 Interrupt command 

Both are automatically cleared if SH2 does not intemipt clear 
Switches ROM Cartridge Bank 

• Bank Set Register (Acsrss' ^ rw/Word) 

Bil IS 14 13 12 11 10 9 a 7 e 5 4 3 g 7 Q 

Ai'sfMH r^ ‘ [ — I — I — I — i-[_ i _ i _i_ i _iH , 
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Transitrs Data lo SH2 DMAC 

• PREQ Control Register 


(Access: Byte/WordI 


S'! 15 14 13 12 11 10 9 e 7 6 5 4 3 

MDSkJa ^sadOnty 

A151D6H f — I — I — I — I — l — t — I — IhLill I — I — I — I _ 


Full: DMA FIFO Full 
Ot Can write 
1 : Cannot wri te 

RV; ROM to VTiAM DMA 
0: NO OPERATION (initial value) 

1 DMA Start Allowed 


2 1 0 
nrtV RAV PAV 

eesi fl i Bvi 


The SH2side cannot access the ROM when RV =£l.^(V^n d^g ROM to VRAM 
DMA, be sure thalRV=l) Waits until RV value becS^^’0^lft»=O) before accessing. 


s (BSKwrteadalainFIFOf^v 


The internal system starts 
tion. It is automatically set 


operagaitovh^ i^l . WritingOforce-endstheopera- 
:tto#terraSA^s. 


• 68K TO SH DREQ Source 



does not use this dail^SDthuig needs to be set at the tune 


J2X Harii 


rMenuel 
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TO SH DREQ Destination Address Register 


(Access : Word) 


Bit 15 

WDSiae 

Atsiocd 

AISlOEMl 


13 12 


8 7 S S 

^ 


Sets the SH2 side (SDRAM) address. The DREQcircuit does not use this data. Thus, 
when the destination address is known beforehand by SH2, or when SH2 doesn't 
need to know, no settings are needed. 


i8 TO SH DREQ Length Register 
Bit 15 14 13 12 11 10 s 


( Access : Word) 


)hC 


013 


(Fined) 

Sets the number of data iteins (unit: word) to be sent te5H2 sidtK'. The value to be set 
IS in 4 word units. Low order 2 bit write is ignored (00 Be sure to set this 
register for CPU WRITE. At each transfer, Uus registerds decteiented and when it 
becomes 0, the DREQ operation ends. Transfer is d6ne#^6,hmes when 0 is set 
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Rafresh Signal Output te Cartridge 

• SEGA TV Register 


(Access: Byte/Word) 


0il 15 14 13 12 11 10 9 6 7 6 5 4 3 2 1 0 

MDSifle gw 

AlSnAM l-l-l-l-l-l — l-l-l-t-l-l-l-l-l-loVi 

Q*1: Cartndge Mode 

0; ROM (inidal value) 

1: DRAM 


This is a SEGA TV exclusive register, use of this bit with other applicatioas is 
prohibited. 


Communication in Both Diractiona with SHi 

• Communication Port 


.{j^fess : Bytc/Word) 
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PWM Sound Soureg Control 
• PWM Control Keister 


(Access: Byte/Word) 


MD side 
A)5130H 


M1S U 13 12 11 10 9 


1 ^ 


i — 1 TV3 1 

Read 

TM2 

Onlv 

Readonly _ 

5 

4 3 

RAM 

2 

RW 


1 RTP : - ; 

i — 

i — 1 RMDO 1 

~RMD1 1 

1 UMDO 1 LM01 I 


TM3 ' 0 : PWM timer interrupt anterval 

RTF: DREQ 1 ocairrenee enable ISH2 side only). 
0: OFF (initial value) 
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L ch Pulse Width Register 


(Access: Byte/Word) 


Bit IS U 13 12 11 10 9 a 7 6 5 4 3 2 1 0 

593(1 Only Wnla Qrilv 

A15134H |7 I — I '1 


The value set hy bit 11 -0 x Scyc becomes the pulse width. 

FtTL: Condidoiis of pulse wide. (TFO 

0: Space aveilabic 




When both the L and R channels are oH, because the cycle counter does not operate, once 
th* FULL bit is set to "I", it will not become "0" as long as the channels are not fumed on. 
When either the L or R channel is on. tH.-cause the OFF side FIFO is also operating, no 
sound will be output; however, data within FIFO will disappear. If writing when FIFO is 
FULL, the oldest data is discarded andshift occurs one item at a tune. 


32XHiirihvareMiinw:l 
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(SH2 side] 


interrup? Control tor SHa 

• irtem;pt Mask (Access : Byte/Word) 


SHSiOe Bead Ow 

2O0WO00H imt — |»-|— I — I — ftPE^tipTl 


3 2 10 


VI?? Access Authomaton 
0; MEGA DRIVE (miOal value) 
1 SHI 


ADEN; Adopter enable bit 
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H Count Register 


(Access: Byte/Word) 


Bit IS 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0 

SH Side 

20004004H I — T T 

Sets H int occurrence interval. Designates by the number of lines. 

0 = each line (initial value) 


VRES Interrupt Clear Register 

at 15 14 13 12 11 10 9 

20004014H \ 


(Access : Word) 


5 4 3 2 1 Q 

I 
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• CMD Interrupt Clear Register 


(Access : Word) 


Sil 

SH S>d« 
200O401AH 


15 14 13 12 It to 9 B 7 6 5 « 3 2 1 0 



Clears CMD interrupt (command interrupt). If not cleared, interrupt will no longer 


• PWM Interrupt Clear Register 


(Access : Word) 
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• Paints to be Aware of concerning Interrupt 

(1) 32X has VRESINT, VnVT, HINT CMDINT, and PWMINT, but among 
these ortly CMDINT has points which differ from other INT. Interrupt is 
enabled by the Interrupt Mask Register (20004000H) within the SH2 system 
register, INT occurs, and when INT is masked by the Interrupt Mask Agister 
within the system register before that INT is received, the following will 
happen. 


i) VRESINT, VINT, HINT, PWMINT 

INT continues to occur until each INT is cleared 

ii) CMDINT 

INT is negated. But when CMDINT is enabled after CMDINT is 
received, CMDINT is agam asserted. 


In short, whert all INT occur before they »e n 
continue to be saved aslongasthatINTisni»?iea«d I 
masked only for CMDINT, INT will tetngijB|riI5^Jisapp. 

CMDINT information will be savete fcng a*U is not cleared, INT will again 
occur if CMDINT IS — 


the INT conditions will 
when Interrupt is 
Still, because 


(2) HEN (HINT authorization Blank) inside the interrupt mask 

register of SH2 is common ,rtoth Sl.ve The HINT occurrence 

interval is affected by - • 

The value set m the H Ccim regi^ IS enabled, as-ttie next H Blank occurs, 
after being loaded in the mte«^ounter wh^ H Eianl^ negated. Also, the 
internal counter generates HINT as a res*^of the ae«^, but when H Blank is 
negated the H Counfeegister value is reldj^ .ffh^fore, when the H Count 
register is set whri^^ail: does not occitf (bssbise it is not loaded in the 
internal couiu^wtiL ^ next H Maifccccttri) HINT may occur according to 
.hev.lu.p,^r^,irfsa,.Hq|m, J 

ex V'^en WSsimt register = 0, 1 is S^f> the H Count register during H 
ES^. V«i*fhtffiN = 0, HINT occurs wiffim the second H Blank after the 
exI^UpH Blank is negated. 

ex 2) H feount register = 0 and H Count is set to 1 when H Blank does not 
occur. When HEN = 0, HINT occurs during the next H Blank. HINT occurs 
during the 2nd H Blank after the H Blank is negated because the H Count 
register setting (value) is loaded in the internal counter when this H Blank is 
negated. 


32X Hardtiftirff Manual 


29 


CONFIDENTIAL 


PROPERTY OF SEGA 


Activsttng the 32X Custom Componont 
• Stand By Change Register 


{Access ; Word) 


□ 


Use with system (Boot ROM). Access to this register from the application is prohibited. 


Receiving MEGA Drive Data by SH2 DMAC 
• DREQ Control Register 


Bn 15 14 13 12 11 10 9 8 7 6 5 4 3 

SHSiKe Read Onh 

20004CI06H FUaatFTI — I — I — I — I — | — | — | — 


(Access : Byte/Word) 


0 Space j|f- , 

1 NoSpace ’-.J 

Frame Buffer, Write Cadie^^wtv 
0 Data ^ 


See explanation of MEGA Drive registe 
* 68 to SH DREQ Source Address Register ^Acc«^ : Word) 


Sti Side 
20004008H r 
2000400AK [ 


12 11 10 i 3 7 

tlliiMy 


6 5 4 ' 9 2 '4. 0 




nm 


;o SH DREQ De^ii%n Registei 


s s 4 3 2 


See explanation of MEGA Drive side register. 
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68 to SH DREQ Length Register 


(Access: Word) 


Bil t5 U 13 12 11 10 9 a 7 6 5 4 a 2 1 0 
SHSiae Readonly 

2000401QH I I 0 I 0l 

(Fixed) 

See explanation of MEGA Drive side register. 


• FIFO Register 


(Access ; Word) 
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PWM Sound Saurca Control 

• PWM Control Register 


(Access : Byte/Word) 


Sh side RW ftw FVW Riw 

20004030H I — I — i — I — I TM3 I TM2 I TM1 I TMQ I 


I RTP i 


RW fVW RW PWf 

I RMOOl HMOll LMDOl LWQi | 


See explanation of MEGA Drive side register. 

TM 0 - 3 set the PWM timer interrupt interval and ROM to PWM transfer cycle, 
Interrupt occurs by cycle register set value x TM cvcle. When TM**Pi^ Interval is 
the same as the cycle register. When TM = 0 the interval is 36 tirr«s the ^le register 


12 n 10 9 


CA«ess- Bvte/Word) 
7 6 « d 3 2 t 0 


See explanation of MEGA Drive side 
• Lch Pulse Width Register 


ns." 


^ (Acoss; %te/Word) 
6 5*3310 


2000d034H FjlliB»^ I — ~n 


See explanation of MEGA DiK^e ^e^gister 
• Rch Pulse Width46 


SH SiOe ReadOmv 
20004038H IFUUPJHY | — | 


•^Access : Byte/Word) 

4 3 2 1 0 


See explanation of MEGA Drive side register- 
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• Mono Pulse Width Register 


(Access : Byte/Word) 


BrI 15 '4 13 12 11 10 9 a 7 5 5 4 3 

R9gaO"lY| I me Only 

2000403aH |PJtif''‘^ I I 

See explanation of MECA Drive side register 


0 
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VDP Registers (Both MEGA Drive a^d SH2 Common) 


Display Mod« Seiectiun 

• Bitmap Mode Register 

B9 15 14 13 12 1! 10 9 « 7 S 

VIDStde 415ieOH ReaijQBlv . , - OM OM 

Sh Sifle 20004100H lP*lf — I — I ^ I — I — I — I IPBt Ig40 

Switching ts always allowed, but is valid fn: 

PAL: TV format 
0: PAL 
1 NT^ 


King IS possible only dunng V Blank 

PR], Screen Prionty (explained later) 
0: MEGA Dnve has priori^ (ins 
1. 32Xhaspnonty 

hing IS always allowed, but is valid^Ai»^l 

240; 240 Line Mode 

0: 224 Line (in^val^ ^ 
1: 240Line § 


Ml 

MO 

Mode .^-a-y 

0 

0 

BianK.MoOe (inrbal value) 

0 


Pack^Pinel Mode 

1 

0 

DtnsaBcjehMoM 

’ 

' . 

^ Lers^ Mode ^ 


but is 

<c 


M 


(Access : Byte/Word) 

5 4 3 2 1 0 

, — , — I — , 

[.-l-l-i-lMII MO f 

■tn the next line. 
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(Acc«ss : Byte/Word) 


Fram« Buffer Switching 
• Frame Butter Control Register 


Bit 15 14 13 12 II 10 9 8 7 6 5 4 3 2 ! 0 
MDSifle AISIBAH ReadOnlv aOnluoiw 

SH Side 2000410AH | — | — j — > — — | — | — ipgj^ 

VBLK; V Blank 

0: During display period 
1: During V Blank 
HBLX: H Blank 

0; During display period 
1: DunngKBlank 
PEN: Palette Access Approval 

0; Access denied 
1. Access approved ^ 

P^N; Frame Buffet Accws auaionzanen 



0- Transfers tSlAMO to^VDP side finitial value) 
1: Transfers.DR3aClc®VDPside 

f ^ 
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[Access • Byie/Word) 


Screen Shrft 

• Screen Shift Control- Register 


SFT: Screen I dot left shift (explained later) 

0: OFF 
1: ON 

Switching is allowed at any time, but is valid frc 


Data Fill for Frame BuHer 
• Auto Fill Length Register 


(Access: Byte/'vVord) 
6 5 3 2-- t 0 


Word length when filling DRAM (frame buffer). To valu^set the value for 
the to-be-filled word length - 1 {0-2551. 


• Auto Fill Start Address Register 

8il 15 U 13 12 11 10 9 a''^^ 6 S 




Sets the start address of the a^ t^fefifcd. A16-^ retinas fixed, but A8-A] are 
incremented at each FiD. ' s, V ^ 


(Access: Word) 
s 4 5 2 1 


Sets data to be filled. The Fill operation begins when settimg this register. 
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3.3 VDP 


32X VDP (rtferred to as VDP hereafter) controls the color display and has hvo 1 Mbit 
frame buffer surfaces for control display screens, Display (to the display screen) is 
synthesized and composed contextually of a single screen (plane) from these screens 
and the existing MEGA Drive screen. 
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Display Mode 

Enables output of images that correspond to the NTRC format aapan, USA) and the 
PAL format (Western Europe). When the 32X image output is not blank, the MEG A 
Dnve display mode should select a resolution that is equal to the 32X resolution. 
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VDP Configuratkin 

VDP is mapped, as shown below, from SHI address 20004100H and 24000000H 
These exist as I/O devices for the CPU. As a result, acceding without the color 
palette is only a cache-through address, 
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Ov«r Writ* lmag« 


Data write can also be done from this area to the frame buffer. Because there is 
specialization in character overwrite, if the significant or insignificant byte of data is 
0 when accessing by word, only that part ignores overwrite and holds the original 
value. This block can write in 8-bit or 16-bit widths. Write speeds are all the same, 
but 0 caruiot be written in byte access. 

SwiKtiing Frame Butters 

By switching the FS bit, the DRAM draw previously handled by the CPU is trans- 
ferred to the VDP and the contents are displayed. In addihon, DRAM that has been 
displayed is mapped instead in the address space, allowing the draw. For instance, 
animation can be displayed by switching repeatedly per each single frame (1/60 
sec), and for. the period equivalent to a single frame (1/60 sec), write process can 
continue. Frame buffer can be switched only in VBiank. During display, even when 
writing to the FS bit, the buffer does not switch until VBlank occu^^"'^ FS bit, 
when read, returns the butter selected on the current display side* DRAl^ access 
should take place after conrirming that VBLK=1. or the FS Ht feaslfeen switched. 
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SH(CacrEa-rhrough] 


D15 CI1« 013 012-02 


2000410AH |VBlJ<)HeLH| PEW I — |S5N| fS~] 




PSbil 






DRAHI 


.Dww?' 

Draw 


OOM [ i!>>splav j Obw 

Q* 

Display 

■%aw 

Disgiay 1 Om 1 Dsplay 


Figure 3.5 Frernt Butfar Switch and Animation Ditplay 
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Color Palatte 

There is one DRAMO and DRAM! common color palette in the 32X, and 0 - 255 
palette code can be specified per each pixel- The ftgute below shows the correlation 
between the color data format, SH2 address, and palette code. Any of R, G, B, each 
with 5 bits, can be selected from among 32,768 colors. 

The color data fonnatis 16-bit and the color foreach pixel can be directlv selected 
{when in the direct color mode), but data siae can be kept down by indi^t-selecting 
using the 8-bit palette code. ” 



not guaranteed. When the color is directly selected, color palette can always be accessed. 
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Ovaf Writt Image 

Allows R.\M block that is physically identical to the DRAM area to be accessed from 
this area- When writing data from this area, data on the frame buffer is not changed 
and remains in its original state when OOH is written in 1 byte units. 
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Ov»rvitw 9t DUplay SpecfTIcaticns 


Table 3.2 32X VOP Specificatlona 


Display Si2s 

320 pixels X 224 pixels or 320 pwels x 240 pixels 
only lt« non-interlace moiBe 

Display Ceiers 

32.760 odor pireci Or 256 colors from 32.786 colors 

Frame Biibar 

tMbilDRAWx2 {Une Table Format) 


Direct Cdor Moae (16 bitil pixel. 32K color Oirect) 

Packeip Pixel Mode (8 bits/l pixel. 256 ol 32K colors) 

Run Lenglhi Mooe (16 blts/eontmuoiis same color pixels, 2S8 of 

Pnonry (Com Bine wiih 

MESA Drive acreen) 

To corrifiire MEGA DRIVE scroll A. 6, end sprues mto&sicQle 
screen. 32X screen is synthesized in the front or 

Other 

SupporteOPAMRLLatVDPside ^ ^ 






CONFIDENTIAL 


PROPERTY OF SEGA 


Lins Tabl» Format 

There are 256 words in the line table in the framebuffer lead. When writing an 
address in which pixel data foreach line is entered, that line is displayed. The data 
format following that address can select the three modes explained on the next page. 
Mode selection is set by combining VDP register bits Ml and MO. 

(Ml, MO) 

* (0,0)' (Blank display) 

= (0,1): Packed pixel mode 
= (1,0) Direct color mode 
= (1,1): Run length mode 


Word aOdrsce Irom 

’*' 1 — 


% 

J 

^ jamwinnw o 



LinaTaeie-^ MH(») Wh 1 


L. . 

240OOAO0H SOdH 

1 'ttls pixel 1 

1 

L if 


'^Pigur* 3.8 ^bw'^la'Fbinial 



VDP meillanicrfy^^^lays 320 pixels worth ohdata from the address specified per 
the line t^^aConsequently, caution is required since the overwnte image area data 
is displayed sukis when there is no DRAM area tor 320pixeb worth of data after the 
specified address. 


J 2 X Hurdi 


4S 
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Priority 


“I”;*' ™ "*“■•'■ “■* '•■'••I'-K.aa 

T? j 5 ^ dupUyed m fioM of or behlod ih, MD i<;r«n. Abo, „d, U,.o„.h-bi, 
1 -bit IS sddsd to the color daa. If the PRI bit is used, the pixel lhat desigtuted the 
color IS displayed in the side opposite of the MD screen. When the MD color code is 
■- and u hen the 32X designates blank by the VDP register, each becomes transpar- 
ent H both are transparent, the MD background is displayed, 
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Direct Color Mode 

This mode directly expresses data of each line from the pixel in the left comer of the 
screen by each through-bit, B, G, R (16-bit). From the size of the frame buffer at 320 
words per 1 line. 

1 Mbit = 65.536 words = 256 words 320 x 204 words, 

and only 204 lines can be displayed. The number of lines can be increased by making 
identical Ime data to be common. 
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Packed Pixel Mode 


This mode indirectly expresses data of each line by individital color palette codes 
(8-bit) from pixels in the left comer of the screen, 

Since two pixels are expressed by 1 word, and 1 line contains 160 words. 

1 Mbit = 65.536 Words = 256 Words + 160 x 408 Words, 
it is possible to have 408 lines of display data. 
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ScFwn Shift Control 

Because of word units, address data that can be set indie line table can change the 
table only in 2-dot units when in the packed pixel mode. As a result, use the screen 
shift control bit (SFT) to change the display position by 1-dot units for horizontal 
scrolling. 
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Run Length M&de 

In this mode, pixel data is handled in units as the same colors that continue horizon- 
tally, and is represented in palette code (8-bit) and continuing number of pixels = run 
length data (S-bit). Through-bits are valid in this mode as well. When the run 
length exceeds 320 pixels for one line of data, the 320 pixels are displayed from the 
left, and all pixeb thereafter are ignored. 
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FILL Function 


Auto Fill uses three registers: the start address, word length, and file data. VDP 
begins the fill operation when writing to the file data register. The portion that 
exceeds the page border is fUled from the start of the page. Because VDP and SH2 
DRAM accesses conflict while executing Auto Fill, do not access from SH2. 

Fill execution time = 7+3 x length (cycle). 


After executing Auto Fill, DRAM should be accessed after confirming that VDP 
register FEN = 0 (completion of frame buffer access via VDP). 
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Clock Used b/ the 32X 

The master clocks for IsJTSC and PAL used by the Mega Drive and 32X are diffetent. 
The 68000 and SH2 system docks are shown below as standards. 

Mega Drive Master Clock Cycle 

Mck = 1/fosc [sec] 

NTSC fosc = 53.693175 [MHz] 

PAL fosc = 53.203424 [MHz] 

6SOOO Clock Cycle 

Vclk = 7 Mck, but Mck is the value above. 

SH2 Clock Cycle 
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HBIank and Display Periods 




B : Display Period 224H 224H 


240H 


32X HarduMK Man ual 
CONFIDENTIAL 


PROPERTY OF SEGA^ 


VOP Register Latch Timing 



S4 
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3.4 PWM 


PWM Sound Souree 

32X outputs a 2 ch pulse wave as a sound source. The integrated wave form con- 
verts the pulse width to wave height. A variety of sounds can be produced by 
continuously changing the pulse width. 



n_ 


PWM 






* 


Figure 3.18 32X Sound Sourcfr' 
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Functions of 3SX PWM 

■niere are five registers within the SYS REG area for controlling PWM of the 32X (see 
section 3-2). It is possible to access from both the SH2 and the Mega Drive. Since 
any register can be accessed in bytes, the Mega Drive side can switch banks and be 
accessed from the 68000 or Z80. 


MPsISe 

SH side 



A15130H 

20004030H 

PWM Control 


A15132H 

20004032H 

Cycle Register 


A15134H 

20004034H 

L cn Pulse WIdin Register 


A15136H 

20004036H 

R ch Pulse Wkftti Register 


A15130H 

2000403eH 

MONO Pulse Wiotn Register 



Figure 3.20 PWM Centrol 

32X PWM has the followine functions <> 

• Timer interrupt for SH2 

• Can output the same signal as a transfW 
built-m SH2 


quest (DRE®1) iSr DMAC 


• LchandRchindependerW*-a5>utofON/OFF ■ *' . 

• Switches L ch and R ch •*> * 

• Sampling Rate (pulse^wtijjt ctsole, left li^ci^ineii) variable 

■ Continuous wnte otf ul^ w^dth (pulse '^th Agister is 3 step FIFO) 
’ ' ' V 

Creating Wave For^t Date , 


Supplied as a Mars soifirfydevelopment tool, the waveform data can be played back 
by the 32X PWM and outjSMdn AIFF (Audio Interchange File Format) using off-the- 
shelf sampling software and converted through the waveform converter. 
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Cycle and Pulse Width Settings 

Both the cycle and pulse width are 12-bit and can be set from 0 to 4095. 

The cycle register obtains the required sampling rate with the set value - 1 as a 
multiple of the base clock cycle. When the set value = 0 the cycle is at a maximum 
(4095 times the base clock cycle). When the set value = 1 {0 times the base clock 
cycle) PWM will no longer operate and should not be set. 

When 1047 is set in the cycle register, for example, the base clock for NTSC is 23.01 
MHz and the sampling rate is: 

23.01 X 10« . (1047 • 1) ■ 31 X 10^ > 22 IkBS]. 


In the pulse width register, the height of sample pomts base4«n the maximum 
negative value of the amplitude are written successive^. Because the set value - 1 
the height, when 1 is set, the maximum negative point c^^ amplitude is 0; and 
when 0 is set, the maximum positive pomt of die arnp^mde is 4095. 

The pulse width register is a 3-step FIFO, llte pulse wadth is refreshed per each 
sampling cycle. When FIFO is empty, the prevssuyiufee width is held. Immedi- 
ately after reset, FIFO is empty and the p}ib®widffe 0. 


1 

Cycle 

1 

bit 15 W 13 ta 11 

10 88765432 

1 0 

IFULLfaiWI - 1 

PijMseWKltti 





'0 3.21 PWMConWURi 
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3.5 SH2 


SH2 is a RISC (Reduced Instruction Set Computer) type processor. As with other 
RISC type processors, it has the following features due to its high speed instruction 
implementation. 

Program (application program) run-time is expressed by the product of the follow- 
ing three elements, C, T, and I. 

Program nm-time = C x T x I 

C: cycle number / command, T; cycle time (clock speed), 

I: instruction number / task 

RISC type processor executes instructions at high speed by reducing C and T 



• Cycle number is reduced per instruction 


The conventional CISC (Complex Instruction Set Computer) prots^scriealizes a 
complex instruction set by micro programs (programs froro^ptoeessOTmtemal in- 
structions). This decoding and run-control is complex i»d.because many execution 
cycles are reeded, SH2 (SH7095) has a simple instruction s^svithihigh-speeds by 
wired logic. Further, by "5 step pipeline control" m^ruc^Kin execution, one instruc- 
tion is executed in 1 cycle ( 1 system dock cyde / 23411 MHg^ration time. 43 .5 ns) 
ostensibly by parallel execution ot each stagis^-showKjndie Rgure 3.22: instruc- 
tion 1 "WB", instruction 2 "MA instnicuail 3 "p^sins-tTuction 4 "ID", and instruc- 



tion 5 "IF''. 


5 Stages of the Instruction Execution 


IF: Instruction fetch FetclKinstructon trom m^Rory € 

ID:- Instruction decode Deco(%t fetched command' 

EX: Instruction execution Execute decoded confute n 

MA; Memory access .. .„M^sss te memory 

WB: Write back E^tti memory a#ess rffiiuHto register 


Instruction 1 ID EX 

Instruction 2 IF ID 



I 


S 


Instnjction 3 


EX MA WB 

ID EX MA WB 

IF ID EX MA WB 



IF ID EX MA WB 


IF ID EX MA WB 




Figure 3.22 Pipeline el Inetnictlofi Execution 
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ReduMd Cycle Time (Increased Clock Speed) 

Internal operations can, be made faster if the clock speed of the processor is m- 
creased, but a gap is created between main memory access times, a wait state is 
produced in the processor, and the effective cycle number per one instruction in- 
creases. In order to fill in this difference, SH2 has a fauiit-in 4 Kbyte cache memory. 
The cache shortens access time by 1 line compared to the main memory. When data 
of the address to access is stored here, the wait state of the processor is reduced 
because that data is able to be accessed- 
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Master and Slave 

Two SH2 units are packaged on a common external bus in the 32X. SDRAM and 32X 
hardware resources are connected to this bus and access the periphery while adjust- 
ing (bus arbitration) conflicts of the bus. One side, the Master mode, releases the bus 
only when bus authorization is requested from the outside with bus authorization 
under normal conditions. The other side, Slave mode, does not have bus authoriza- 
tion under normal conditions and requests bus authorization each time access to an 
outside CPU occurs. 

In a packaged condition, two SH2 units are fixed to the Master mode and Slave 
mode according to the settings of external pins, and normally the CPU itself is di- 
vided by the name "Master" and "Slave." 


Now SHZisabie to select i "partial slave mode" bv utdieanrig partial space sharatg with 

software from the Master mode, but because the necessary outer circuitrya^irt packaged, 
the Master mode must be used, "* 

System performance does not double when two CPUs are used:"It 
double for shared parts, such as memory or I/O, due to access-competition. Accord- 
ingly, function fragmentation or bus control that decreases . tiie conflicts is required. 
Within 2 SH2 units, it is nonnal for the master to control a»€ntire32X ai\d the slave 
to restore the computing element inside SH2 and worlatspecMy in numerical 
computing. = 'K-< p 

Master and slave hardware listed below is hffd separat%*py the SH2 while every- 
thing else is in common. • 'a 

J N 

• BOOT ROM 

■ Interrupt Clear Register • 

• Bit 0 -3 of the Interrupt Mask Regista fV, H, CMD, PWMm«kbitS>-' 

With the exception of CMD mtena^occurrence (DvrOrf/and bits of the irter- 
rup t control register), 68000 dpeg nc^difierennate SH2 master and slave in terms of 
ar ware. ^ 
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Cache 


SH2 contains 4-lCbyte cache memory. Since this memory is accessed per 1 cycle, it is 
effectively executed by reducing the wait states during accesses to external chips, 
such as SDRAM, and minimuing command execution pipeline perHifbation. 

Cactie Specification* 

• 4-Kbyt8, command /data mixed type 

• 64 entries x 4-way associative, 16-byte line length 
(Selection of 64 entries x 2 ways 2-Mbyte RAM) 

• Data write is write-through type, LRU repress algorithm 

• Able to select command only/data only repress 


X)OOOOOOH 

CSO space cache area 




CS1 space cache area 


AddreMupperSbits (Note l) = 'OOO' space 


CSS space cache area 


(Setscortroi register CCR C£ bit to1) 


CSS space cache area 



Reserve 




CSO space cache througharea 




CS1 spacecache throu^ area 




CS2 space cache througharea 


Used when ^cessing CSD~3 not through cache 


CS3 space cache through area~ 




Reserve -y 


Address-upper 3 b«»rw '01 O’ space 

Used in purgeiof specific i"^e of cache 


Associative pui^.s{»ce^^ 

)■ 


Address array readWtis space 

1 - 

Address upper J-ens = '011" space 
■ Usi^whondirectiy accessing address 
: array^oteSjofcache 


Reserve 

} 


OfNKamiy space 

'AddtSss.sSiper 3 bits = “110" space 


{Oecu^e#6y shadow space) 

(Note's) of cache 


{Oaajpiea by shadow space) 

} 


Bult»%»j/0 moOula 

Access through cache not possible 

(Note 1) s Specific address of access space 
(Note 2 ) = See next page 




Figure 3.24 Relationship of SH2 Address Space and Cache 
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Cache Overview 

In SH2, address bit 3'0 is called an intra-line byte address, and the cache handles 
address space from the lead (OOOOOOOOH) in line units (1 line = 16 bytes). In addition, 
the address bit 31*29 is called the access space specific address, bit 28*10 is called the 
tag address, and bit 9*4 is called the entry address. 

28 9 3 0 

Address | | III 

T 1 

7 Tag address Enliy address 7 
Access space specrtic address lr;tra-line b^e address 


Pleura 3.2S SH2 Address 


The cache holds command/data from the address array and data j^y%.e data 
array is 4- way memory in which 64 entries (64 lines), considwed wfy, corre- 

spond to an entry address. The address array manages the val^towMPconditipns 
of the held contents and the tag address by entry, way, as t^asS^ges the access 
order (LRU information) of each way by entry. 



When reading, the addrS^o be accessed and identical entries are checked all 4- 
ways and are read from th^^che if there are tag addresses that match. U all 4-way 
tag addresses do not match, they will be selected based upon the LRU information 
after reading from off-chip memory. Corresporjding entry tag address and line data 
are replaced and output to the CPU upon completion. 


When writing, if tag addresses match, data in the cache is rewritten, as weU as con- 
tents of the memory external to the chip (write-through). If all 4-way tag addresses 
do not match, they are only stored in the memory external to the chip (off-chip 
memory). 
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Cache After Implementmg BOOT ROM 

The BOOT ROM mounted in the 32X, both master and slave, purges (initializes) and 
enables the cache immediately after SLEEP from the initial program of the Mega 
Drive side has been canceled. At this time, 4-way mode, data replace, and command 
replace can be selected. Initial da ta is loaded and settings stay unchanged until the 
application is implemented. 


Applications can be executed without tinkering with these settings, but when trans- 
ferring DMA in the address area where cache is used, the operation can result in 
differences in the cache memory and external memory contents, and therefore, 
purge becomes necessary. Purge of all entries, and the purge of a specific line should 
be differentiated in response to the need. 


Purge (Cache Initialization) 


Purge of all entries 

-If "1" is written to the CP bit of the cache contr^lepstef<CCR), all cache entries 
will be purged. ' 

Purge of specific linM ' t.. 

In associative purge spaces (40000000H the cache address to purge is 

offset, and if write accessed, is cfu^ei 4 aflhe same time and only lines that 
include corresponding addresset^are msgfed. ^or example, when the slave side 
cache is purged because contents^ tfe master side address are replaced, 

write access is performed m the 46(fel0O4;^ddress the iSave CPU. 
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DMA 


SH2 contains a 2 channel DNtA. If transfer request is set to auto request and is 
within the SH2 address space, transfer between memories can be performed (ai 
generation inside the DMA). 

When transfer request is done by an external request (DREQ), DMA transfer ca 
done by the dual address mode for: 

• channel 0 from FIFO to SH2-side RAM; 

• channel 1 PWM sound source pulse width register. 

DMA transfer can be done by the dual address mode. External requests shoulc 
used by the edge trigger, not the level trigger. 



DMA transfer from the M^Dnve to 32X is done through the FIFO packaged 
32X. If data is set to this FIFO from the Mega Drive, transfer request (DREQ 0) 
occurs for the DMA of SH2. In the SH2 side, DMA channel 0 is set in external i 
quest and FIFO is specified and transferred to the source address- 
This sets data to FIFO from the Mega Drive side. 

CPU Write is the method of writing to FIFO by 68000 directly for each word. A 
time, if the Full bit of the DREQ control register is 0 write is possible and if FuL 
1 then it is FIFO Full. 
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Master-Slave Cemmurtieation 

When communicating for coordination between the master and slave, it is important 
to know how to properly receive data and take timings. 

Buill-ln SCI (Serial Communication UF) 

SH2 has one SCI channel. In the 32X, the master and slave are connected to each 
other making serial communication possible. If data receive interrupt is used, tim- 
ing is effective in severe cases. Data is set in the SDRAM described below and tim- 
ing can be taken by SCI. Since the 32X is not equipped with an external dock source 
for the SH2 SCI an internal dock must be selected. Otherwise any setting can be 


SDRAM 

This is a wide region able to capture large amounts of data. But b^ause'i« internal 
operation is in 1 line (=16 bytes) units, transfer of numencal byte i^flag^lling is 
not suitable. SH2 does not have a function that combines the membry con- 
tents of the master and slave. As a result, the contents of ineHWste'ased in conunon 
must either be accessed by cache-through or accessed affe^purgit^ by one CPU 
when the other CPU is changed. 

Communication Pwl 

Because there are no SDRAM restnctions wis^|^ing the communication 

port, speed is comparatively rapid even if through. However, 

large amounts of data cannot be handled si^^ en#e capaci^S^^ding commu- 
nication with the Mega Drive, is eight words- ^ 
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66000-SH2 Communication 




Communication Part .. 

The 32X has an 8 word register can. jjad write froin both "cojnmuiucation 
ports" used in 68000 and SH2 cODam«®:affian After the-power is turned on, the 
boot ROM program, following i^otnpletwn of ttie iratialiSation and security, 
notifies the 6000, and as a result, the Sislgtnaster wnt^ “M„OK" (ASCD code 4 
bytes) to the start of the communication port, an(fcthe slave^vntes "S_OK" to the 
2nd and 3rd words . Commuaicahon ports from behe after are opened in the appli- 
cation. If simultaneously W nS gg Ja te same re|isterfr<««boai bSOOO and SH2, or if 
either the 68000 or SH2s wnti^ while th« ttSar isieadmg, the value of that regis- 
ter becomes undefm^. ^ ««iult, divicghg tt^ register to be used as SH2 68000 
and 68000 -» aKbided. > 

CMD Intarriqrt '' 

When tmung,^^oth 6SOOO and SH2, not only can the communication ports be 
polled togetheiii^ interrupt can occur from 68000 to SH2. INTM and INTS bits of 
the interrupt control register correspond to the master side SH2 and the slave side 
SH2. CMD interrupt occurs if 68000 IS set to 1. interrupt can be cleared if SID 
writes the CMD interrupt clear register. Mask/mask (0/1) cancel can be done by the 
CMD bit of the interrupt mask register. The CMD interrupt clear register and CMD 
bit are held separately by the master and slave (addresses are the same). There are 
no interrupts from 5112 to 68000. 
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DMA 

SH2 has a 2 channel DMA built-in to it. When the 32X uses channel 0 from among 
the two channels, data can be transferred from the Mega Efrive side to the SH2 side. 
A The 32X has a DREQ circuit for issuing transfer requests to channel 0 and a FIFO for 
continuously trar«ferring data. FIFO can be directly written to by the 68000. 
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Interrupt 

Tliere are five ways an interrupt can be created: 

• pressing the Mega Drive reset button 

• during vertical feedback 

• during horizontal feedback 

• interrupt control register write from Mega Drive 

• PWM cycle timer 


Each interrupt is cleared when written to an interrupt clear register by a different 
factor. Interrupt continues indefinitely until cleared. 
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Chapter 4 

32X Block Access 
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4.1 32X Block Access by SH2 


Blocks that Can Be Directly Accessed 

Access from SH2, 68000, and Z80 to all 32X buffer registers corresponds to the list 
below. [The \ mark means access from Z80 is possible) 
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SH2 Address Space 

SH2 divides and manages address space in the four areas from CSO to CS3, but there 
is ng need for a special awareness that a program has four areas. The system is 
designed so that a situation in which the area boundary is exceeded and must be 
continuously accessed is not created. The mapped device can be directly accessed 
by indicating that address. 


Cac>ie*(hroijgh Accaas 

System and VDP registers must be accessed by cache-through. Although system 
design also allows access by cache, because there is no guarantee that data of an 
external device or register which could be re-written by other processors would 
agree with cache data, purge becomes necessary each time. Therefore, cache can not 
be used. 


VOP AccasB Compstilion 
When accessing from the SH2 to the VDP 
access waits until the FlVl bit (interrupt mask 
series has wded, the FMbit becomes 0 and acces' 
This being the case, SH2 and 68000 wait together ' 
and accesses. When finished, competition can be 
rization to the opponent. 


;Uter, frame buffer, anacolor ialettt 
register bit 15) IS i Afte* aWBccess 


» 68000. 
returns 
ss authcv 


'X * 

B ateitaited by force and the 
ROM AecMB Competition •g 

SH2 has priority when 68000 and SH2 access th^^aJHge ROMftt thcaamfetime. 


When the FM bit from SH2 is '"I" access 
Operation that follows is not guaranteed. 


When this happens, the 
CPU is finished. 


dCPUto^ 


is ^ first 


When the 68000 directly ai 
can restore high speeds by 
loaded to the SDRAM, / 

amounts, whereas ROjfticc%^ -fiSKD occurs regularly. there is a problem 

in executing 68000 pafeamjM^^ted by ROM access waft, the RV bit ( DREQ 
control register bit 0) 1. Here, ROM access from SH2 is m a wait status until 

68000 RV s 0. The bit froirt^2 is read only 



the car^g#ROR4by the C^U. SH2 
conteiti ot ROM cartndge is once 
ses RCTi^datftsp^dically in certain 
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4.2 32X Block Access by 68000 


Blocks That Can Be Directly Accessed 

After the power is turned on, address space of 68000 is mapped the same as the 
Mega Drive ur\it. If the 32X mitial program provided by SEGA is installed following 
the POWER ON reset vector address, 32X is mapped at the time the execution is 
transferred to the application program, and is initialized in an access-enabled status. 
See Table 4.1 ''32X Buffer Register List" in section 4.1 for Individual buffer registers. 
Cartridge ROM Aceasa Whan Using the 32X 

ROM cartridge ClOOOOOH'40(XlOOH is mapped unchanged in 68000 address space 
OOOOOOH-400000H when using the Mega Drive unit. BuiMhen using the 32X, map- 
ping is done on and after SSOOOOH when execution is handledtby application pro 


gram. 



canndge ROM 
0O0(X)0H-O7m=FH 


68000 address 


880000H-8FFFFFH 


900000H~9FFFFFH OOOOOOI4*ftnhfMiri (miual condition) 

14 bank switching) 10000(K-4FF^H 


.M0OOOH-2FFPFFH 

300qQiH-31TFFFH 


VDP Access Competition 

When accessing from 68000 to the VDP register, If^e buKsEK and color palette, 
access waits until the Fh^tt^^smipt mask regiMerfelt.lS) isO. After an access 
series has ended, the ^ bit becomes 1 andlKcces^aothorization changes to SH2. 



operation thlSfDllows is not guaranteed- 


ROM Access Competition 

See "ROM Access Competition" in section 4.1. 
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4.3 32X Block Access by Z80 


Blocks That Can Be Directly Accessed 

Z80 is loaded as the Mega Drive sound CPU. Even when 32X is mapping in the 
68COO address space, 68000 memory area can access each 8000H by switching banks 
similar tcs when usinjg the Mega Drive unit. See Table 4.1 "32X Buffer Register List" 
in section 4.1 for individual buffer registers. 

Competition With Other CPUs 

Access competition to the 32X block of 68000 and SH2 applies to both 280 and SH2, 
See section 4.2 for more information. 
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4.4 Access Timing of Each CPU to 32X Biock 


The timing sequence when the CPU accesses the peripheral is called a bus cycle, and 
takes a minimum of 4 Clock with 68000 and 2 Clock with SH2.* In addition, wait 
time is created on the CPU side due to the difference of the peripheral and operating 
speeds. 1 Wait means that the minimum bus cycle + 1 Clock is necessary in the 
access- A wait is required for all 32X blocks (as shown below) to access from 68000 
and SH2 in response to the process contents and operation status. 


Besides inputtiig a Wait signal from the outside, 5H2 can input Wait by setting the 
built-in biis state controller, but after implementmg boot ROM only external Wait is » 


32X Mode and Cartridge ROM 

SH2 (Read/Write) : 

68 K (Read/Write): 


wait (mm) 15 mit (mSf) 
wail (mm) - ^wi^^tBc) 


Frame Buffer 


SH2 (Read) 
SH2 (Write) 
66 K (Read) 
68 K (Write) 


5 wait (mm) -'^12 vrait (max) 
1 wait (iMsh. wait (max) 
2waitf£nttiJ^ - -4 wait (max) 
0-wait (CiMst) 


Write ac«ss to the SH2 ftaine M^e^aSsum^ contmuomnipcessing without an Idle 
Cycle, When the Idle Cycle is inserted between accesses, theqnext access time is 
shortened only by the number enteredjg'the Idle Cvci&= (Thfe nei^access time cannot 
be shorter than a mmimunucvcle of 3 dock) ™ 

A 4 word component of ra*©-8!>I^ for frame bufer Wttmg Thus, 5 Clock is 
required if FIFO is 3Clock is if iBfO is not FULL. 




required in the CPU side.) 


5 wait (mm) - 64fsle<: 

2 wait (mm) - 64 psec 

3 wait (min) - 64 psec 

sns that a watt of a 1 line component display is required. (K 
'IS with the CPU and VDP, a wait of a 1 line component is 
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VDP Register 


5H2 (Read/Write) : 5 wait (const) 

68 K (Read) ; 2 wait (const) 

68 K (Write) : 0 wait (const) 


System Register 


S?I2 (Read/Write) : 1 wait (const) 

68 K (Read/Write) : 0 wait (const) 


Boot ROM 


SH2 (Read) : 


1 wait (const) 


* SDRAM Access Tine 

The 32X SDRAM is specialized for the "replace" in the case of the Si2 carfie miss, 
and read transfers in the 8 word burst mode* while write transfeiSin the 1 word 
single mode- Access time is fixed at the following valu '”a 



Read: 12 Clock. / 8 Word 

Write: 2 Oock / 1 Word 


‘ 8-Word burst mode of read is a read openteEm Oiattakeadita in batches of 6 

word components from the first address ^cifie^b^the word address. Because 8 
word corresponds to a single line cache, thBeewIll beiSOnfonnlty WKm a cache 
miss-hit occurs and line data is replaced. But w.henBie SDRAMis read using cache- 
through, even if the data to be read is only a sin^Tvord, the access opsraten to the 
SH2 SDRAM is 9-wf>td-bursl-read-fix^,and action lime is fiE^tred I 9 ^1 amount 
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5.1 Boot ROM 


The Boot ROM is an SH2 execution object that is loaded in 32X as ROM, and is 
different in content with respect to the master CPU and slave CPU. SH2 itself sleeps 
until activated by the Mega Drive side initial program. After the Boot ROM is reacti- 
vated, security (see 6.3 Security) is executed by the master CPU; and if OK, the Initial 
program is executed after the initial data (application program) is loaded from the 
ROM cartridge to SDRAM- 


Initial Data Load 

Address 3C0H to 3EDH of the ROM cartndge is called the user header. Shown ir 
Figure 5.1 below are parameters of the initial data load gjv^ by the format. 




MARS User Header (SOOOScO) 


MarsInitHeader 


db 'MARS CHECK MSDB?' 

"^module name 

dl SOOOOOOOO . " , 

version 

dl $OOOOoOOO 

; sourcaaddress 

dl sooooooee - 

: desbnsrim address 

dl $00004000 . ...^" 

: siza 

dl $00600120 

:SH2 IMaSer) start address 

dl soSSpzooo 

;SH2|Siav^ start address 


; 8te (Master) vector base address 




The source adtf^ss is the byte address m which the ROM cartndge lead is 0. The 
destination addf% is the byte address in which the DRAM lead is 0. Size is indi- 
cated by number of bytes, ^ausethe boot ROM loads the initial data in long word 
units, an address error will occur if the address is not set by the long word bound- 
aries. Size must be treated in multiples of four. An address error will also occur if 
the start address and vector base address are not set within the long word bound- 
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Mega Drive and SH2 Synchronization 

The Boot ROM flow chart is shown in Figure 5-2. The "conun 0, 4, 8" reference in the 
figure below refers to communication ports on the 32X. Immediately before an 
application starts, SH2 master writes "M_OK'' (ASCH code 4 bytes) and SH2 slave 
writes "S_OK'' to the communication port. The Mega Drive side executes the initial 
program (See 5.2 Security) at this time. To be able to synchronize the Mega Drive 
and SH2 with the application, these must be cleared when moving the Mega Drive 
side to the application. The SH2 side waits until it is deared. 



B2 


Figure 5.2 Flew Chart of Beet ROM (MasMf) 
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5.2 Security 


Initial Program 

The Initial program performs hardware security and everything required upon 
resetting in order to equalize all hardware conditions when the Mega E>rive and 32X 
are powered on. In the application program for 32X, the initial program 
(ICD_MARS.PRG) that replaces the one used by the current Mega Drive must be 
included- This program is executed immediately after the power is turned on or 
reset by the Mega Drive side. After activating SH2 from the sleep, the Mega Drive 
and 32X hardware are initialized and their applications executed. 

Security 

The Initial program must begin from the Start of the program (addfes 3?0H) with- 
out change. The Boot ROM built into 32X cordirms that thefcitiaf program is pro- 
vided here. When contents do not match, 32X becomes locked ^ atv-ptfe cannot be 
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Included in the Initial Program 

A list of the Mega Drive side sample program is shown in Figure 5.4 below. The 
initial program (ICD_MARS.PRG) appears in italics. 
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.3 RestrictPons 


1 . When performing SH2 auto request DMA, both master interrupt and slave 
interrupt must be masked. If DMA is performed by both master and slave at the 
same time, one side of DMA wiU perform very slow until the other side of DMA 
is finished. 

2. Since starting the interrupt process may take longer while executing auto re- 
quest. VDP cannot be accessed within H interrupt while DMA isoccurring. 

When PWM is used, data write may not happen in time. As a result, when either 
master or slave controls PWM, or when VDP is accessed in H interrupt, auto 
request DMA cannot be used. 
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4. When performing CPU write DMA, full bit should be checked for every four 
words written. This is because the response to the SH2 side DMA may be 
longer than the 68K access cycle, depending on the access status. 

5. When accessing the palette in the packed pixel and run length modes, 

needs fo be done before Ips in which the PEN bit changes "I" to "0". Because 
VDP ignores this access interval, data can not be ensured for both write and 
read. 


Precautions When Using 32X SH2 (SH7095) 

■e performed, the operation that follows c£ 


If the following operations ai 
guaranteed. 

1. Do not use the TAS command with the 32X. 

2. Do not use the steep command in an applieation>»^ 

3. Do not access the bus state controller (FFFFFEiH 
applicahon. 

, Internal reset should not be done by ®je.tfwatcMog hmer" in an application. 
Do not access the standby control regist«^FFF@SE91H) in anapplieation, 


H_-^?TEFFFH) ir 
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Please make the following setting in response 
DMAC ofSH2. 


when transferring with 


1. Transfer from DREQ FIFO to memory {channel 0 is used bv external request). 
DMA Source Address Register 0 (FFFFFF80H) 

- 20004012H fixed 

DMA Destination Address Register 0 (FFFFFF84H) 

-• optional 

DMA Transfer Count Register 0 (FFFFIT88H) 

-» same value as DREQ Length Register (20004010H) 

DMA Channel Control Register 0 {FFFFFF8CH) 

^ 0100 0100 1110 OXXXB (fixed except for X) 

DMA Request /Resportse Select Control Register 0 (FFFFFETIH) 

- OOH fixed 

DMA Operation Register (FFFFFBOH) 
optional 

2. Transfer (channel I is used by external request) from FIFO 

(pulse width register). 

DMASourceAddressRegisterl (FFFFFF<J0H) ‘ 

^optional 

DMA Destination Address Register 1 (FFFFFF9^^W 
^ 20004Q34H - 20004038H -3^ 

DMA Transfer Count Register 1 (FFFF^SIO^Sfc^**^ 

- optional 3 

DMA Channel Control Register 1 (FFFFFF9CH^ 

- OQXX 0100 1110 OXXXB ffixed exceptffi<) 
or OOXX 1000 1110 OXXXB (hx^except for X) 

DMA Request/Response Selecti^^^^ister 1 (FFFl 

- OOH fixed \ 

DMA Operation Register 

3. Transfer (channel^, 1 by external requrat) fi^Kmemoty to memory. 

DMA Channel 0/1 {FFFFFF8CH/FFFFFF9CH) 

XXXX XXIO (fixed except for X) 

Other registers are optional. 
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Restrictions Concerning SH2 Interrupt 

The 32X SH2 has five types of interrupt. 

Level 14 VRES intenupt 
Level 12 V interrupt 
Level 10 H inlemipt 
Level 8 Command interrupt 
Level 6 FWM interrupt 

The following restrictions occur when using two or more types of the following 
interrupts along with interrupts through the SH2 internal peripheral module at the 
same time. 


1. There should always bi 
15, level 13, level 11, le> 


. The SH2 internal ft 
following values in 


>. I^^usemterrupts of level 


dv^®<progTams. Use the 


Timer interrupt enable register (TIER) ' V . OlH 
Output compare register A fOCRA) *‘*7^00^ 


Tuner control register (TOC^ < 


. External intemipts 
tion vector may be 
(NMl) and user brake, 
same process 
process 
register vali 
as the external 
ware and find 


4. Ret 
9, 7, 


anythu^^/hen mterrupt levels 15, 13, 11, 


l6«terTupt jump destina- 
on-Maskable Interrupt 
be set s<^at4hev all call the 
mdividual 
ichlng the SH2 status 
Is assigned the same level 
't factor flags by the soft- 


Until the RTE'bImmand is executed after the external interrupt has been cleared, 
two or more cycles should be opened. Clearing externa] interrupt is done by 
writing to the clear register, When the RTE command is execut^, 2 or more 
commands should be done afterward. 
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Index 


Numeric 

240 Lin« Mode 34 

6S tu 5H DREQ 

Destiration address register 22,30 

Length register 22, 31 

Source Address register 21,30 



Display mode 

DMA ' 


DRAW 

DRHQ control register 


&2 


64 

21,55 

39 

21,30 
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Entry address 
E:<temal request 


H interrupt 

Horizontal KToU 

Initial data 
Initial prDgiain 
Internal SCI 

Control register 
Mask register 

L ch pulse width register 
Line inner byte address 
Line length mode 
Line table format 

Mask 

Mega Drive I /F 

Mega Drive screen and synthesis 
Mega Drive side system register 
Mono pulse width register 

NTSC format 








Packed pixel r 
PAL format 
Palette access 


si register^ 


Priority 

Purge all. 

Purge 
PWM 
Control 
Interrupt 

Interrupt dear registei 

Time interrupt mask 
Wave form data played by - 


ifv 
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Screen priority 4g 

Screen shift control 49 

Register J6 

SDRAM 9 

Security g4 

Sega TV register 23 

SH2 58 

Slave 6Q 

Standby change 30 

32X cartridge 8 

System regrster 19 

Tag address 82 
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